ADA013369 


Research  and  Development  Technical  Report 
ECOM-  4338 


LIFE  CYCLE  COST  MODEL 


Thomas  W.  Otto,  Jr. 

Communications/Automatic  Data  Processing  Laboratory 


July  1975 


DISTRIBUTION  STATEMENT 
Approved  for  public  relMse;  distribution  unlimited. 

D DC 


ECOM 


US  ARMY  ELECTRONICS  COMMAND  FORT  MONMOUTH,  NEW  JERSEY  07703 


THIS  DOCUMENT  IS  BEST 
QUALITY  AVAILABLE.  THE  COPY 
FURNISHED  TO  DTIC  CONTAINED 
A SIGNIFICANT  NUMBER  OF 
PAGES  WHICH  DO  NOT 
REPRODUCE  LEGIBLY. 


Disclaimers 


The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position,  unless  so  desig- 
nated by  other  authorized  documents. 

The  citation  of  trade  names  and  names  of  manufacturers  in 
this  report  is  not  to  be  construed  as  official  Government 
indorsement  or  approval  of  commercial  products  or  services 
referenced  herein. 


Disposition 


Destroy  this  report  when  it  is  n ' longer  needed.  Do  not 
return  i^  to  the  originator. 


/ 


/ 


/ 


SECURITY  CLASSIFICATION  OF  THIS  PAGE  (When  Date  Entered) 

REPORT  DOCUMENTATION  PAGE 1 BEFORE0 C^MPL  eSg^ORm" 

1.  REPORT  NUMBER  / |2.  GOVT  ACCESSION  NO.  3.  RECIPIENT'S  CATALOG  NUMBER 


^ — s.  1.  REPORT  NUMBER  7 

f(j  BC^M-ii338  J 

*.  TTTCt'(*nd  Subtitle) 

£ I LIFE  CYCLE  COST  MODEL  „ \ 


CPTJ  THOMAS  W. /OTTO,  JRJ 


9.  PTTTf-ORMINO  ORGANIZATION  NAME  AND  ADDRESS 

US  krmy  Electronics  Command 
Communications/ADP  Laboratory  (AMSEL-NL-N-3) 
Fort  Monmouth,  N.J.  07703 

11.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

US  Army  Electronics  Command 

AMSEL-NL-N-3 

Fort  Monmouth,  NJ  07703 


-■  J.  TYPE  OF  REPC 

Y " fTNAL 


6.  PERFORMING  ORG.  REPORT  NUMBER 


8.  CONTRACT  OR  GRANT  NUMBERfiJ 


10.  PROGRAM  ELEMENT.  PROJECT,  TASK 
AREA  A WORK  UNIT  NUMBERS 


IS7  63707  Dl37  07  15 


12.  PF PORT  DATE  — 

On  Juipt75 

13-  NUMBER *OF  PAGES 

38 


MONITORING  AGENCY  K «,ME  A ADDRESS (If  dltterenl  frotr  Controlling  Otliee)  ] 15.  SECURITY  CLASS,  (ot  thie  report) 


'/h'D-  </37  ] 


UNCLASSIFIED 


TS«.  DECLASSIFICATION'  DOWNGRADING 
SCHEDULE 


[16  DISTRIBUTION  STATEMENT  (ol  thle  Report) 


Approved  for  jpublic  release^,  distribution  unlimited. 


7?  / 


D O C 


17.  DISTRIBUTION  STATEMENT  (ol  the  ebatrect  entered  in  Block  70,  II  dltterenl  from  Report) 


U.  SUPPLEMENTARY  NOTES 


U L-JL 


19  KEY  WOROS  (Continue  on  f*t*fi*  aid*  It  neceaaery  end  Identity  by  block  number) 

Life  Cycle  Cost  Studies,  Cost  Estimates,  Tactical  Radio  Equipment, 
Management  Tool,  Work  Breakdown  Structure,  Cost  Analysis  Program. 


Wf  ABSTRACT  (Continue  on  reretee  aide  It  neceeeery  end  Identity  by  bloek  number } 

Recent  experience  In  performing  Life  Cycle  Cost  Analyses  on  single  channel 
tactical  radio  equipment  has  shown  the  need  for  a complete  and  computerized 
ICC  model.  This  report  discusses  such  a model  which  has  been  developed  by 
the  author.  The  cost  categories  and  each  of  their  elements  are  presented 
initially  in  broad  terms;  then  the  mathematical  equations  which  compute  each 
element  are  presented.  Additionally,  a comprehensive  discussion  of  the 
Learning  Curve  and  the  various  methods  of  applying  it  ure  presented. 


do  1473  EDITION  OP  • NOV  At  It  OBSOLETE 


UNCLASSIFIED  /;  Z 7 \ + 0 

SECURITY  CL  AJSlPlCATlON  of*- This  PAGE  (*hen  D^to  Entered) 


tf. 


1.  INTRODUCTION 

2.  GENERAL 

3.  COST  CATEGORIES 


■*sy  **»*.>  ?*s&  .><„., . -.riW.^,  »•>  «w.  > ■'!.*j**«0«*i“-  **?». 


TABLE  OF  CONTENTS 


APPENDIXES 


PAGE 

1 

2 

3 


A. 

COST  CATEGORIES  AND  ELEMENTS 

8 

B. 

LCC  MODEL 

11 

C. 

MODEL  INPUTS 

17 

D. 

LEARNING  CURVE 

22 

E. 

FIDATS  FOR  A GIVDJ  PROBABILITY  OF  OUTAGE 

31 

P. 

LCC  SAMPLES  MODEL  AND  OUTPUT 

33 

1.  INTRODUCTION: 


With  greater  national  interest  in  reduced  defense  spelling,  the  PEM A. 
dollar  will  become  more  difficult  to  obtain.  Therefore,  emphasis  must 
be  placed  on  fully  justifying  new  systems  or  equipment  from  the  cost 
standpoint. 

The  purpose  of  a Life  Cycle  Cost  (LCC)  Analysis  is  to  provide  a tool  for 
the  engineer,  manager,  or  decision  maker  to  use  in  making  correct  deci- 
sions concerning  the  introduction  of  new  systems  or  equipment. 

A most  important  point  to  recognize  is  that  the  outcome  of  the  analysis 
is  greatly  influenced  by  the  assumptions  made,  since  these  assumptions 
constitute  the  major  portion  of  the  inputs  to  the  LCC  model  which  computes 
the  costs. 

Recent  experience  in  performing  LCC  analysis  has  shown  that  the  LCC  models 
generated  'by  Magnavox*-*-)  as  part  of  the  Tactical  Radio  Communication  System 
Concept  Study  and  by  the  ECOM  Comptroller (2)  :re re  not  ideally  suited  for 
doing  an  LCC  analysis  on  conceptual  single  channel  tactical  radio  systems 
or  equipment.  The  primary  reason  for  this  is  that  some  cost  element  com- 
putations were  based  on  present  day  maintenance  and  technological  concepts 
and  did  not  properly  take  into  account  proposed  and  achievable  advancements 
in  the  state  of  the  art  and  changes  in  the  Army's  maintenance  philosophies. 
(For  instance  - the  Maganvox  model  uses  a flat  rate  per  failure  instead  of 
a different  rate  for  different  types  of  failures;  the  ECOM  model  uses  a 
fixed  percentage  for  initial  spares  and  repair  parts  instead  of  basing  the 
cost  on  computed  failures  IAW  TM  38-750-1,) 

Since  October  1972  two  LCC  analyses h-ve  been  conducted  by  CoiWADP 
Laboratory  on  this  type  of  equipment  using  a prototype  consisting  of  parts 
of  both  the  Magnavox  and  ECOM  models.  Experience  obtained  from  doing  these 
analyses  has  shown  the  weaknesses  of  each  model  and,  in  some  cases,  two 
different  methods  of  computing  the  same  cost  element. 


1.  Magnavox,  ’’Tactical  Radio  Communication  System  Concept  Stucy”,  Final 
Report,  Volume  IV,  EC0M-0068-6, . 30  June  1972. 

2.  US  Army  Electronics  Corranand,  "Army  Programs  Cost  Estimating  Guide”, 
ECOMP  11 -U,  Volume  7,  12  June  1972. 

3.  US  Army  Electronics  Command,  "Tactical  Radio  Communications  System 
Concept  Stucy”,  Final  Report,  8 December  1972. 

U.  US  Army  Electronics  Command,  "Life  Cycle  Cost  Comparison  for  the 
COMSEC  Implementation  of  the  VHF-rM  Subsystem  of  the  Tactical  Radio  Com- 
munication Systems”,  AMSEL-NL-D,  13  November  1973. 
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The  purpose  of  this  paper  is  to  present  the  details  of  a better  defined 
and  automated  LCC  model  suited  for  conceptual  or  real  single  channel 
tactical  radio  systems  or  equipment.  Ihe  model  vill  provide  the  user 
with  options  to  select  the  best  method  as  it  relates  to  the  assumptions 
for  computing  some  of  the  cost  categories.  With  few  or  no  modifications 
the  model  may  also  be  used  to  study  other  systems  or  equipment. 


The  model  was  applied  in  the  Communications/Automatic  Data  Processing 
laboratory* s support  to  the  Single  Channel  Ground  Airborne  Radio  System 
(SINCGARS)  Special  Task  Force  in  that  all  the  Life  Cycle  Cost  data 
provided  to  the  task  force  was  generated  by  the  LCC  model  described 
in  this  paper. 

This  work  was  done  under  the  Tactical  Radio  Communication  System  (TRCS) 
project,  1S7  62701  AH92. 

2.  GENERAL. 

Life  Cycle  Cost  as  define  by  Jui  37-18  consists  of  total  appropriations 
for  the  entire  breakdown  structure  for  all  cost  categories.  These  cost 
categories  are  Research  and  Development  (R&D),  Investment  Nonrecurring, 
investment  Recurring,  and  Operating  Costs. 

a.  R&D  - This  category  includes  those  costs  resulting  from 
applied  research,  engineering  design,  analysis,  development,  and  testing. 
The  effort  from  which  these  costs  derive  usually  occurs  within  Explora- 
tory Development,  Advanced  Development,  and  Engineering  Development. 

b.  Investment  Nonrecurring  - This  category  contains  those  cost 
elements  which  generally  occur  only  once  in  the  production  cycle  of  the 
system  or  equipment. 

c.  Investment  Recurring  - This  category  contains  those  cost 
elements  which  occur  repeatedly  in  the  production  of  the  system  ox- 
equipment,  It  includes  the  costs  incurred  in  delivery  of  the  system 
or  equipment  to  the  user. 

d.  Operating  Costs  - This  category  includes  those  direct  costs 
resulting  from  tne  operation,  maintenance,  and  consumption  of  materials 
and  supplies  for  the  system  or  equipment  aftor  acceptance  into  the 
Army  inventory. 

Each  cost  category  is  broken  down  into  cost  tlansnts,  ana  each  element 
includes  both  subcategorias  of  contract  and  in-house.  The  cost  element 
of  each  category  will  bo  discussed  in  detail. 

Appendix  A lists  the  cost  categories  and  each  of  their  elements.  Appen- 
dix B gives  the  complete  LCC  mathematical  model.  Appendix  C lists  the 
inputs  (assumptions)  necessary  for  the  model.  Appendix  D discusses  the 
learning  curve.  Appendix  E dit cusses  the  maintenance  float  requirements 
problem  and,  Appen<iix  F shows  /ample  outputs  of  the  LCC  model. 
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3.  GOST  CATEGORIES. 


a.  Research  and  Development  - Since  the  system  or  equipment  under 
consideration  is  usually  conceptual  and  is  planned  for  initial  operational 
capability  (IOC)  far  in  the  future  (10  years  or  more)  it  may  be  difficult 
to  provide  a definite  breakdown  into  the  cost  elements  listed  in  AR  37-18* 
Considering  further,  that  R&D  costs  of  radio  systems  have  been  shown  to 
constitute  only  3-5$  ol  the  FEMA.  investment  (by  contrast,  this  figure  is 
10-20J6  for  other  weapons  systems  such  as  TOW,  UTTAS  or  Dragon)  and  less 
than  2%  of  the  LCC,  it  is  of  little  value  to  burden  the  estimator  and 
the  manager  with  minute  dstails.^  It  is  quite  sufficient  to  make  a 
parameter  cost  estimate  for  this  category,  based  on  previous  similar 
development  experiences.  The  model  will  consider  all  R&D  elements  as 
lump  sum  inputs, 

(1)  Engineering  - This  effort  includes  the  study,  analysis,  design 
development,  evaluation  and  redesign  of  the  item  being  developed  and  it 
also  includes  all  effort  in  the  preparation  of  specifications,  drawings, 
and  the  determination  of  reliability,  availability,  and  maintainability 
requirements. 

(2)  Prototype  Fabrication  - This  element  includes  all  the  con- 
struction and  fabrication  costs  of  models  fabricated  for  test,  acceptance 
or  delivery. 

(3)  System  Test  and  Evaluation  - This  element  includes  the  ccst 
for  planning,  conducting  and  support  of  all  testing  and  the  cost  of  spe- 
cial test  equipment  and  consumable  items  used  in  the  conduct  of  the  test. 

(U)  Data  - Ihis  element  includes  the  handling  and  publishing 
cost  of  drawings,  specifications,  reports,  technical  manuals  and  engin- 
eering plans  but  doe3  not  include  the  engineering  effort  necessary  to 
formulate  these  documents  since  this  cost  is  covered  under  other  elements* 

(5)  To\al  Systems  Management  - Ihis  element  would  appear  only  on 
hose  effort  .i  which  are  large  an3  complex  enough  to  war  rent  the  overseeing 

and  integrating  of  th<  engineering  effort.  The  cost  of  an  operating 
Project  Manager’s  office  i3  included  in  this  element  if  one  is  established 
during  the  R&D  phase. 

(6)  Training  - This  element  includes  all  effort  associated  with 
the  design  arid  fabrication  of  training  equipment  and  the  cost  of  training 
personnel  to  run  the  engineering  tests. 

(7)  Producibility  Engineering  and  Planning  (PEP)  - This  element 
includes  the  cost  associated  with  any  task  undertaken  to  assure  produc- 
ibility of  material  prior  to  quantity  procurement  and  includes  developing 
technical  data  packages,  designing  special  purpose  production  equipment 
and  tooling,  and  computer  modeling/s  illation  of  the  production  process. 

• Morgan,  E.J.,  MAn  Analysis  of  the  Tactical  Radio  Communications 
System  (TRCS)",  Jan  73,  report  prepared  for  OCHD,  DA,  under  Tank  Order 
7 2-Ui3,  Battelle  Columbus  Laboratories,  Durham  Operations. 


Production  engineering  measures  previously  defined  under  Advance 
Production  Engineering  (APE),  which  are  principally  software  oriented, 
ere  now  in  PEP. 

b,  ^/estment  Nonrecurring  - All  of  V^e  costs  incurred  in  this 
categoryTiave  to  based  on  past  experience  and/or  best  engineering  judgment. 
The  model  is  designed  to  accept  lump  sums  for  each  *cf  the  included  elements. 

(1)  Initial  Production  Facilities  Effort  (IPF)  - This  effort 
includes  the  cost  of  the  hard  tooling  and  the  production  line  setup  neces- 
sary to  support  initial  low  rate  production.  The  IPF  is  the  production 
hardware  oriented  portion  of  the  former  Advance  Production  Engineering 
(APE).  Like  the  Producibility  Engineering  and  Planning  (PEP),  the  cost 
should  be  based  or  past  experience. 

(2)  Data  - This  element  consists  of  the  initial  handling  of 
technical  data  and  preparation  of  manuals,  including  the  effort  required 
to  prepare  and  publish  initial  technical  orders,  technical  manuals,  etc. 
Information  for  computing  this  element  can  be  found  in  EOOMP  11 -k,  Vol.  7- 

(3)  Tooling  - This  element  includes  the  planning,  engineering, 
design,  fabrication,  assembly  and  installation  of  tools  and  test  equipment 
in  support  of  manufacturing  the  item.  These  costs  should  be  based  on 
costs  incurred  on  previous  contracts  or  proposals  for  similar  items,  and 
an  engineering  estimate  of  the  relative  amount  and  complexity  of  the 
required  tooling. 

(U)  Instructor  Training  - This  element  involves  the  training  of 
service  instructors  for  a specific  system  and  is  usually  done  by  the  con- 
tractor. The  training  of  instructor  personnel  for  the  operation  of  single 
channel  tactical  equipment  may  not  be  necessary  but  with  the  added  complex- 
ity of  the  new  equipment,  the  training  of  instructors  for  the  maintenance 
portion  must  be  considered  vital  and  necessary. 

(5)  Total  Systems  Management  - This  element  includes  the  tech- 
nical and  administrative  effort  performed  by  the  Project  Manager  and  the 
prime  contractors  which  is  related  to  the  total  system  during  the  invest- 
ment nonrecurring  phase  and  which  cannot  be  identified  with  a specific 
component  of  the  system.  Most  often  no  information  is  available  on  any 
prior  contractual  efforts  in  this  area,  and  therefore  only  the  cost  related 
to  running  a PM  office  can  1c  considered.  In  considering  some  systans  the 
cost  may  be  large  enough  to  v»rrant  a separate  PM  and  be  declared  a major 
system  as  outlined  in  AH  1000-1;  otherwise,  the  cost  will  be  a prorated 
one  based  on  judgment.  Information  is  available  from  the  ECOM  comptroller 
on  operating  costs  for  various  sizes  of  PM  offices. 

c.  Investment  Recurring  - The  major  co3t  element  of  this  category 
is  the  procurement  cost  of  the  hardware,  the  "Learning  Curve”  technique 
will  be  used  on  computing  three  of  the  elements  in  this  category  and  use 
o'  it  is  covered  in  Appendix  D of  this  report  and  in  0COKP  11-h,  Vol.  3. 
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(1)  Hardware  Coats  - AR  37-18  defines  this  as  total  expenditures 
necessary  io  produce  the  primary  and  secondary  mission  equipment.  For 
this  LCC  model,  primary  mission  equipment  is  considered  the  end  item 
(receiver,  transmitter,  transceiver,  etc)  and  any  major  supporting 
components  (mounts,  antennas,  etc.).  Hie  batteries  or  generators 
needed  to  power  the  equipment  are  considered  the  secondary  mission 
equipment.  Best  engineering  judgment,  past  experience  and  a complete 
component  breakdown  if  available  should  be  used  to  determine  the  cost 
per  first  N unit?,  (Note  - if  the  quantity  bought  is  based  on  the  Army 
Acquisition  Objective  (AAO)  which  includes  Basis  of  Issue  (BOI)  needs, 
equipment  float  needs  and  attrition,  then  attrition  and  initial  spares 
costs  would  be  included  in  the  hardware  cost  element  and  would  rut  be 
calculated  separately.) 

(2)  Attrition  - This  element  includes  the  cost  of  replacing  those 
end  items  that  are  annually  destroyed  or  lost  from  all  causes.  Hie 
attrition  rate  is  a certain  percentage  of  the  number  of  sets  deployed 
and  should  be  based  on  past  experience.  (Note  - see  paragraph  3c(l) 
since  this  cost  might  alreacfcr  be  included  in  the  Hardware  Cost.) 

(3)  Initial  Spar es  and  Repair  Parts  - Hiis  element  covers  the 
initial  supply  of  spare  units  Afloat),  repair  parts,  and  batteries  neces- 
sary fill  the  planned  pipeline.  When  the  Mean -Time -Bet ween -Failures 
(MTBF)  is  not  a significant  factor  in  the  comparison  of  alternative 
choices,  a percentage  method  can  be  used  to  compute  this  element.  The 
factor  to  use  for  initial  provisioning  can  be  found  in  ECOM  11-U,  Vol.  7. 
Another  method  breaks  this  element  into  three  sub-elements  and  computes 
each  separately.  Hie  initial  spares  cost  of  this  method  is  based  on  an 
equipment  availability  constant  and  computing  method  discussed  in  TM 
38-715-1  and  by  Magnavox 

(U)  Support  Equipment  - Hiis  element  includes  the  cost  of  any 
carman  and/or  peculiar  test  equipment  necessary  to  support  the  equipment/ 
system  in  the  field. 

(5)  Auxiliary  Syiipment  - This  element  includes  the  cost  of  any 
government  Aimisned  equipment  (GFE)  necessary  to  make  the  equipment/ 
system  a complete  set  before  issue.  Items  such  as  headsets,  mikes, 
handsets,  packframee,  etc.  are  usually  GTC  items. 

(6)  First  Destination  Transportation  - Hiis  element  includes  the 
cost  of  transporting  the  procured  items  from  the  point  of  procurement . 
or  production  to  the  first  destination  under  Arry  contract.  It  is 
estimated  in  BOOMP  11-h,  Vol.  7 to  be  1.5?  of  the  hardware  cost. 

(7)  Initial  Training  - This  element  usually  includes  the  training 
conducted  by  contract*  »s.  Army  training  centers,  service  schools,  and 
training  weans  for  +he  initial  crews  and  direct  maintenance  personnel 
required  to  introduce  the  system  or  equipment  into  the  inventory. 

6,  Magnavox,  "Jltra- Reliable  VHF-FM  Receiver-Transmitter,  Life  Cycle 
Cost  of  Owrorship  Study  and  Reliability  and  Maintainability  Study”, 
F0QM-0127-10,  February  1971. 
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Because  the  equipment  considered  by  this  LOC  model  Is  usually  replacing 
similar  existing  equipment  or  systems,  most  of  the  Initial  training  vlll 
consist  of  limited  field  retraining  of  personnel  (mechanics  and  operators) 
by  a new  equipment  training  (NET)  team.  Costs  for  these  teams  can  be 
obtained  from  the  Maintenance  Directorate. 

(8)  Engineering  Changes  - Ibis  element  includes  the  estimated  cost 
of  any  engineering  changes  that  might  be  done  on  the  equipment  during 
its  life  cycle.  It  is  usually  calculated  as  a percentage  of  the  total 
end  Item  cost. 

(9)  System  Test  and  Evaluation  - (Same  as  3(a)(3))* 

(10)  Total  Systems  Management  - This  cost  element  is  the  same  type 
of  cost  incurred  under  the  Total  Systems  Management  element  in  the 
Investment  Nonrecurring  category.  Either  the  total  amount  or  a prorated 
portion  of  the  Project  Manager’s  cost  should  be  used. 

d.  Operating  Costs  - This  category  assumes  that  no  civilian  labor 
will  be  present  In  the  operation  and  maintenance  personnel  elements  even 
though  It  is  possible  that  during  peacetime  there  will  be  same  direct 
support  and  general  support  maintenance  performed  by  civilians  at  fixed 
Installations.  Civilian  labor  costs  at  depot  are  accounted  for  in  the 
depot  overhaul  cost  elanent  and  In  the  average  maintenance  man-hour  costs. 

(1)  Personnel,  Pay  and  Allowances  This  element  includes  the  cost 
of  the  crev  an<i  maintenance  personnel  c. re ctly  associated  with  the  equip- 
ment or  system.  It  lould  be  determined  whether  or  not  an  operator  is 
required  for  the  equipment  or  if  the  equipment  Is  incidental  to  the 
operator’s  mission.  (A  VHF-FM  roanpack  radio  would  be  considered  inciden- 
tal to  the  operator’s  mission,  while  a HF  RATT  set  mounted  in  a shelter 
would  not.)  The  latter  is  most  often  the  case  for  single  channel  tactical 
radios;  therefore,  the  pay  and  allowances  for  operators  would  not  be  con- 
sidered. Salary  levels  for  the  required  grade  levels  should  be  obtained 
from  the  latest  DOD  listing  (available  from  Comptroller).  Cost  for  the 
maintenance  personnel  is  based  on  the  annual  maintenance  man  hours  re- 
quired and  the  cost  per  active  maintenance  man  hour,  which  is  found  in 
EOOKP  11-U,  Vol  T. 

(2)  Personnel  Replacement  Training  - This  elemert  covers  the  cost 
of  training  an  operator  or  maintenance  person  to  replace  personnel  pre- 
viously trained  as  needed.  Cost  of  the  MD6  courses  and  appropriate  turn- 
over rates  can  be  found  in  BQOMP  11-U,  Vol  7. 

(3)  Consumption  - This  element  consists  of  the  costs  of  material 
and  utilities  consumed  or  expended  in  direct  operation  of  the  equipment. 
There  are  two  methods  available  for  computing  this  element. 


The  first  approach  is  to  estimate  the  consumption  as  a percentage  of 
the  unit  hardware  cost  similar  to  the  percentage  method  of  computing 
the  initial  provisioning.  The  specific  percentage  may  be  based  on 
the  judgment  of  the  responsible  project  engineer.  (Topically,  past 
ECOM  studies  have  shown  it  to  be  between  $ to  20  percent  depending 
upon  the  complexity  of  the  equipment.  Experience  in  previous  LCC 
studies^***  has  shown  the  factor  for  single  channel  tactical  radio 
equipment  to  be  between  5 to  10  percent  per  annum.)  The  second  approach 
is  to  consider  battery  and  repair  consumption  .separately  using  predicted 
hours  of  operation  and  an  MTBF  to  compute  the  cost  element. 

(U)  Integrated  Logistics  Support  - This  element  includes  the  cost 
attributaSle  to  inventory  management  and  stockage  of  all  the  major  and 
minor  items  of  supply  for  the  equipment.  This  element  cost  includes 
the  introduction,  first  year  costs,  and  recurring  costs  of  inventory 
management  and  the  costs  of  stockage  of  the  end  item,  initial  spares 
and  repair  parts  and  consumption  material.  ECCJMP  11-lt,  Vol  7 gives 
estimating  guidance  for  the  introduction,  first  year  and  recurring 
costs.  'Hie  stockage  costs  are  based  on  a percentage  of  the  hardware 
cost,  initial  provisioning,  and  consumption  costs  and  these  percentages 
can  be  obtained  from  the  Cost  Analysis  Division,  Comptroller. 

(5)  Depot  Overhaul  - This  element  covers  the  cost  associated 
with  equipment  overhaul  estimated  as  an  annual  cost  for  each  piece  of 
equipment  fielded.  It  includes  labor,  materials,  and  the  cost  of 
transporting  the  equipment  to  the  depot  and  returning  it  to  operational 
status.  For  the  type  of  equipment  considered  by  this  LCC  model,  the 
overhaul  cost  is  zero,  as  end  items  are  seldom  put  on  a depot  assembly 
line  for  overhaul.  An  exception  is  the  return  of  an  item  from  several 
years  in  the  field  to  be  resold  under  the  military  assistance  program 
(MAP).  However,  the  depot  does  overhaul  modules  and  this  is  considered 
in  the  repair  costs . 

(6)  Transportation  - This  element  includes  the  cost  of  shipping 
the  equipment  to  depot  for  overhaul. 
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APPENDIX  A 

COST  CATEGORIES  AND  ELEMENTS  AND  WORK  BREAKDOWN  STRUCTURE 

1.  The  following  it  & condensed  list  of  the  eoet  categories  and  elements 
used  In  the  Life  Cycle  Cost  Model. 

a.  Research  and  Development 

(1)  Engineering 

(2)  . Prototype  Fabrication 

(3)  System  Test  and  Evaluation 

(4)  Data 

(3)  Total  Systems  Management 

(6)  Training 

(7)  Producibility  Engineering  and  Planning 

b.  Investment  Nonrecurring 

(1)  Initial  Production  Facilities  Effort 

(2)  Data 

(3)  Tooling 

(M  Instructor  Training 

(5)  Total  Systems  Management 
e.  Investment  Recurring 

(1)  Hardware  Cost 

(2)  Attrition 

(3)  Initial  Spares  end  Repair  Parts 
(*0  Support  Equipment 

(5)  Auxiliary  Equipment 

(6)  First  Destination  Transportation 

(7)  initial  Training 

(8)  Engineering  Changes 
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(9)  System  Test  and  Evaluation 

(10)  Tc^al  Systems  Management 
d.  Operating 

(1)  Personnel,  Pay  and  Allowances 

(2)  Personnel,  Replacement  Training 

(3)  Consumption 

W Integrated  Logistics  Support 

(5)  Depot  Overhaul 

(6)  Transportation 

Place  in  the  Wort°toe^do^8StwrtwefeS  ^ eienents  ln  ttelr  appropriate 


TrtrrnrniM  * 


FIGURE  A-I  WORK  STRUCTURE 
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APPENDIX  B 
LCC  MODEL 


This  appendix  discusses  the  LCC  model  for  each  cost  categoiy.  Each 
component,  element  and  category  is  given  a variable  name.  Discussion 
of  the  learning  curve  is  found  in  Appendix  D.  IMs  curve  reflects  the 
price/cost  reductions  that  can  be  expected  from  large  quantity  buys  of 
equipment  as  a result  of  increased  efficiency  (learning)  by  a producer, 
and  of  competition  between  producers. 

For  simplification  all  dollar  values  should  be  given  in  constant  FT 
dollars  of  the  same  year  in  which  the  analysis  is  being  done. 

a.  Research  and  Development  - Research  and  Development  Total  Cost 
($RDT0T ) as  shown  in  equation  (1)  is  the  sum  of  the  engineering  ($RDE), 
prototype  fabrication  ($RDPF),  system  test  and  evaluation  ($RDSTE),  data 
($RDDAT),  total  systems  management  ($RDTSM),  training  ($RDT)  and  pro- 
ducibility  engineering  and  planning  ($RDPED).  The  training  cost  is  the 
sum  of  the  cost  paid  to  the  contractor  ($RDTC)  and  the  cost  incurred  by 
the  government  (call  in  house)  for  salaries,  TDY,  etc.  for  personnel 
receiving  the  training  ($RDTH).  The  prototype  fabrication  cost  ($RDPF) 
is  the  sum  of  the  cost  for  the  major  equipments  ($RDPFE)  and  the  cost 
of  the  DT/OT  spares  ($RDPFS).  The  system  test  and  evaluation  cost  ($RDvSTE) 
is  the  sum  of  the  cost  paid  to  Hie  contractor  to  assist  in  the  test 
(RDSTC),  the  cost  incurred  by  the  government  for  engineer  support  (RSTIR) 
which  comes  from  RDT&E  funds  and  the  cost  paid  from  OMA  funds  for  troop 
support  (RDSTIO). 

$RDT0T  * $RDE  + $RDPF  + $RDSTE  + $HDDAT  + $RDTSM  + $RDT  + $RDPEP  (l) 


All  cost  elements  are  considered  as  lump  sum  inputs  to  the  model. 

b.  Investment  Nonrecurring  - The  total  Investment  Nonrecurring  Cost 
($INT0T)  as  shown  in  equation  (2)  is  the  sum  of  the  initial  production 
facilities  ($INIPF),  data  ($INDAT),  tooling  ($DJT0L),  instructor  training 
($XNITR),  and  total  systems  management  (SlNTSM)  costs.  The  instructor 
training  is  the  sum.  of  costs  paid  to  the  contractor  ($ITRC)  and  the  cost 
incurred  fcy  the  government  for  salaries,  TDY,  etc.  ($ITRM)  of  personnel 
receiving  the  training. 


ftrNTOT  - $dIPF  ♦ $INDAT  ♦ $INT0L  ♦ INITR  ♦ $INTSM  (2) 

All  costs  elements  are  considered  as  lump  sum  inputs  to  the  model. 

c.  Investment  Recurring  - The  total  Investment  Recurring  Cost 
($IRT0T)  as  shown  in  equation  (3)  is  the  sum  of  the  hardware  cost  ($HC), 
attrition  ($ATC),  initial  3pare3  and  repair  parts  ($ISRPC),  support  equip- 
ment ($SE),  auxiliary  items  ($AUX),  first  destination  transportation 
($FDC),  initial  training  ($ITNET),  engineering  changes  ($EC).  system  test 
and  evaluation  ($RSTE),  and  total  systems  management  ($IRTSM;. 
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$IRTOT  = $HC  + $ATC  + $ISRPC  + $SE  + $AUX  + $FDC  + $ITNET  + 
$EC  + $RSTE  + $IRTSM 


(3) 


(l)  Hardware  Cost  - The  hardware  cost  is  the  sum  of  the  primary 
and  secondary  mission  equipment  costs  which  include*  the  total  unit  cost 
($TUC),  major  supporting  components  cost  ($MSC),  and  the  battery  (power) 
costs  ($BTYC)  as  shown  in  equation  (h). 

(O  Total  Unit  Cost  - The  total  unit  cost,  equation  (5),  is  tho 
product  of  the  quantity  of  equipment  bought  (QB)  to  satisfy  the  objective 
and  the  average  unit  cost  (AUC),  where  the  AUC,  equation  (6),  is  equal  to 
the  product  of  the  cost  of  the  first  unit  (A)  and  the  cumulative  average 
factor  (CAF).  Computation  of  cumulative  average  factors,  exponent  of  the 
learning  curve,  and  average  unit  costs  are  discussed  in  detail  in  Appendix 
D.  If  t no  jecond  option  is  used  to  compute  the  initial  spares  and  repair 
parts,  the  AUC  is  computed  from  a CAF  based  on  the  QB  and  the  quantity  of 
units  required  to  satisfy  the  float  (see  (2) (a)). 


$HC  = $TUC  + $MSC  + $BYTC 

(U) 

$TUC  = QB  x AUC 

(5) 

AUC  = C$U  x CAF/CAF 

(6) 

Where  Q is  the  number  of  sets  that  C$U  is  based  on. 

(b)  Battery  Costs  - The  battery  cost,  equation  (7),  is  the  cost 
associated  with  providing  the  necessary  batteries  to  equip  all  the  manpack 
sets  which  are  deployed.  It  is  the  product  of  the  quantity  of  manpack 
sets  bought  (QBM),  cost  per  battery  (C$B,  and  percentage  of  sets  deployed 
(PD). 


$BTYC  * QBM  x C$B  x PD  (7) 

(2)  Attrition  - The  cost,  equation  (8),  due  to  attrition  ($ATC) 
is  based  on  an  attrition  rate  per  year  (ATR),  the  number  of  years  of  ser- 
vice for  the  equipment  (NRYS),  and  the  average  unit  cost.  The  CAF  used 
to  compute  the  AUC  is  calculated  by  considering  the  number  of  units  needed 
to  satisfy  the  attrition  requirements  as  an  add  on  lot  requirement  to  the 
hardware  units  (QB  + UFA).  This  means  the  CAF  is  computed  using  tho  first 
unit  of  the  lot  as  a * QB  + UFA  ♦ 1 and  the  last  unit  of  the  lot  being 
b * a ♦ RSA.  The  total  number  of  sets  lost  due  to  attrition  (RSA)  is 
given  by  equation  (9). 

$ATC  * RSA  x AUC  (Q) 

where  RSA  * QB  x PD  x ATR  x NRYS  (9) 
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(3)  Initial  Spares  and  Repair  Parts  - There  are  two  options 
available  for  computing  the  initial  spares  and  repair  parts  cost.  The 
first  method,  equation  (10),  is  the  result  of  the  product  of  the  initial 
provisioning  factor  (PFI)  and  the  hardware  cost. 

$ISRPC  * PFI  x $HC  (10) 

(a)  Initial  Spare  Equipment  - The  initial  spare  equipment  cost 
($ISE),  equation  ( 13),  is  the  product  of  the  units  of  equipment  (float), 
to  assure  availability  a given  percentage  of  the  time  (UFA),  equation  (12), 
and  the  average  unit  cost  (AUC).  The  UFA  is  dependent  upon  the  average 
units  failed  (AUF)  and  the  equipment  availability  constant  (EAC).  The 
equipment  availability  constant  is 


AVAILABILITY 

EAC 

752 

.67 

852 

3 

• 

i! 

952 

1.65 

99.0% 

2.33 

where  most  analyses  use  the  EAC  for  when  considering  electronic  equip- 
ment. The  average  unit  failure  is  dependent  on  the  hours  of  operation  per 
day/wartime  (HOW)  period  (days)  required  to  3etup  the  supply  pipeline  to 
the  direct  support  level,  or  the  lowest  level  where  floats  would  be 
stocked,  at  onset  of  a wartime  emergency  (PSl),  the  quantity  of  sets  de- 
ployed, and  the  MTBF,  equation  (11 ) . 

AUF  - HOW  x PSl  xQBx  PD/MTBF  ( 11 ) 

UFA  * AUF  + EAC  W (12) 

$ISE  * UFA  x AUC  (13) 

(b)  Initial  Spare  Batteries  - The  initial  stock  of  batteries, 
equation  (XU),  includes  the  cost  of  providing  a battery  float  ($BTYF)  to 
support  the  deployed  sets  in  a peacetime  environment,  and  the  cost  of 
maintaining  a battery  reserve  ($BTYR)  for  a wartime  emergency.  The  battery 
float  cost,  equation  (15>),  is  based  on  the  number  of  sets  deployed,  hours 
of  operation  per  day  /'peacetime  (HOP),  cost  per  battery  (C$B),  the  battery 
life  in  hours  (HTYL),  and  the  number  of  available  or  operating  man-days 
per  year  (DAY)  (normally  260),  and  the  number  of  months  of  peacetime 
stockage  required  (BTYSP).  The  battery  reserve  cost,  equation  (16)  is 
similarly  dependent  as  the  battery  float  cost  except  the  time  of  operation 
is  for  wartime  (HOW)  and  the  number  of  months  stockage  (BTYSW)  is  differ- 
ent. 


$ISB  - $BTYF  ♦ $BTYR 

$BTYF  - QBM  x PD  x HOP  x DAY  x BTYSP  x C$3 

12  x BTiL 
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(lit) 

(15) 


$BTYR  * QBM  x PD  x HOW  x DAY  x BRYSW  x C$B 

12  x BTYL 


(16) 


(c)  Initial  Stockage  of  Repair  Parts  - There  are  two  methods 
available  for  computing  the  cost  of  the  initial  stockage  of  repair  parts 
($RPC).  The  first  method  equation  (17)  assumes  that  all  repair  work 
(replacement  of  parts,  models),  etc)  is  done  at  one  level  of  maintenance. 
This  method  is  dependent  on  the  average  cost  per  failure  ($F)  and  the 
tiiac  required  to  setup  the  supply  pipeline  to  the  appropriate  maintenance 
level  (PSSI).  This  method  will  seldom  be  encountered  with  single  channel 
tactical  radios. 

$RPC  = QB  x PD  x PSSI  x C$F  x HOW/MTBF  (17) 

The  second  method,  equation  (20),  considers  that  the  equipment  will  be 
made  up  of  replaceable  modules  or  boards  containing  hybrids  and/or  parts, 
with  the  replacement  and  repair  of  these  hybrids  being  accomplished  at  a 
depot  level.  The  replacement  of  tue  modules  or  boards  occur  at  a lower 
level  of  maintenance.  The  modules/boards  repair  parts  costs  ($HPC), 
equation  (19),  are  similar  to  equation  (17).  PS2  is  the  time  required  to 
setup  the  supply  pipeline  to  the  appropriate  maintenance  level,  where  the 
modules  would  be  stocked,  PS3  is  the  time  required  to  tool  up  and  restock 
parts  at  the  depot,  AMC  is  the  average  module  cost,  and  APC  is  the  average 
part/hybrid  cost  when  AMC  and  APC  are  a percentage  of  the  AUC. 

$MPC  * HOW  x QB  x I’D  x PS2  X AMC  x AUC/MTBF  (18) 

$HPC  ■ HOW  x QB  x PD  x PS3  x APC  x AUC/MTBF  (19) 

$RPC  « $MPC  + $HPC  (20) 

();.)  Support  Equipment  - The  support  equipment  cost  ($SE)  is  a 
lump  sum  input  cost  of  the  peculiar  and  common  test  equipments  necessary 
to  support  the  equipment/system  in  the  field. 

(5)  Auxiliary  Equipment  - The  auxiliary  equipment  cost  ($AUX)  is 

a lump  sum  input  cost  of  any  government  furnished  equipment  (GITS)  neces- 
sary to  complete  the  end  item  or  set  such  as  pack  frames,  handsets, 
mike^,  etc. 

(6)  First  Destination  Transportation  - The  total  first  destination 
cost  is  the  sum  o t transportation  costs  for  shipping  th«*  hardware,  attri- 
tion itaos,  auxiliary  items,  support  equipment  and  initial  spares  and 
repair  parts.  It  is  usually  calculated  as  1.5£  of  the  cost  of  each  ele- 
ment. 

(7)  Initial  Training  - The  initial  training  ($ITNET)  is  a lump  sum 
input. 

(8)  Engineering  Changes  - The  total  engineering  change  as  shown  in 
equation  (21;  is  calculated  as  2%  of  the  total  unit  cost  plus  2%  of  the 
attrition  cost. 


xU 


immm 


$EC  « ($TOC  + $ATC)  x .02 


(21) 


(9)  System  Test  and  Evaluation  - The  system  test  and  evaluation 
cost  ($RSTe)  is  the  sum  of  the  contract  cost  ($RSTEC)  and  the  in  house 
cost  ($RSTEH).  Both  are  lump  sum  inputs. 

(10 ) Total  Systems  Management  - The  total  systems  management  cost 
($IRTSM)  is  a lump  sum  input. 

d.  Operating  Cost  - As  shown  in  equation  (22),  the  operating  cost 
($0CT0T)  is  the  sum  of  pay  and  allowances  ($ANPAY),  replacement  training 
($RTC),  and  depot  overhaul  ($TD0C)  plus  the  consumption  ($00NC),  inte- 
grated logistics  support  ($ILSC),  and  transportation  ($TRANS). 

$0CT0T  = $ANPAY  + $RTC  + $TD0C  + $C0NC  + $ILSC  + $TRANS  (22) 

(1)  Pay  and  Allowances  - The  annual  pay  and  allowances  cost, 
equation  (26;,  consists  of  pay  and  allowances  for  operators  of  the  equip- 
ment ($AN0P)  and  maintenance  personnel  ($ANME).  The  $AN0P  is  calculated 
by  multiplying  the  number  of  operators  (NOP)  required  by  the  annual  pay 
and  allowance  for  the  operator's  grade  level  ($0PAY). 

$AN0P  = NOP  x $0PAY  (23) 

The  $ANME  is  calc  ala ted  by  multiplying  the  cost  per  active  maintenance 
man  hour  (AMH$)  by  he  total  annual  maintenance  hours  (AMMH)  required, 
equation  (25).  The  AMMH  is  dependent  on  the  MTBF,  mean- time -to-repair 
(MTTR),  and  the  hours  of  operation  per  year  and  number  of  equipments  de- 
ployed, equation  (2li). 

AMMH  - HOP  x QB  x PD  x DAY  x MTTR/MTBF  (2li) 

$ANME  - AMMH  x AMH$  (25) 

$ANPAY  - ($AN0P  ♦ $ANME)  x NRY3  (26) 

(2)  Replacement  Training  - The  replacer  on  t training  cost  ($RTC) 
for  operators  and  maintenance  are  dependent  upon  the  associated  turnover 
rates  (TR),  number  of  personnel  required,  and  the  course  costs.  The 
course  cost  (C$C)  is  a lump  sum  input.  The  $RTC,  equation  (27),  is  the 
sum  of  operator  replacement  training  cost  ($0RT)  and  the  mechanic  replace- 
ment training  co3t  ($MRT). 


$RTC  - ($0RT  ♦ $MRT)  x NRY3 

(27) 

where  $0RT  " . 'p  x TR  x C$C 

(28) 

$MRT  * TR(M)  x C$C(M)  x >!ME 

(29) 

and  m:  - AMMH/1720 

(30) 
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ing  years  as  shown  in  fquaUon  Ol)  e°°nd  peroenta8e  for  remain- 
$CONC  - (.30  + .0^  (NYRS-l)  x $HC  ' ^ 

smptionn($Sc)  “fbSte^lonl^ir^BSr^1"  ^ C°n' 


$ANB4T  = HOF  x DAY  x QBM  x PD  x C$E/BTYL 
$ANR?C  = HOP  x DAY  x QB  x PD  x APC  x AUC/MTBF 
SCCNC  = ($ANBAT  + $ANRPC)  x NYRS 


(32) 

(33) 
(3i*) 


(NRYS)  times  the  general  storage  cost  faSS  COOT)! 

$I"  - x s x s,*  <*« * (3?) 

33?Pandethe+generaiestorage°Mst^factorPis\^Ct0r  iS  b0tw08n  23*  «« 

be  con.^terfror0Verhaa-  ' dep0t  °Verhaul  003t  P8r  Per  year  can 

&>0C  - (0.809)  (DOR)  (AUC)’881 

(36; 

where  DOR  - depot  overhaul  rate  - 1/MTBO  (nean-time-botveen-overhauls) 

$TD0C  - DOC  x QB  x PD  x KYRS  , . 

(37) 

..  i srr^s1  is  -*«**- 
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APPENDIX  C 


MODEL  VARIABLES 


Tfce  following  variables  are  used  in  the  Life  Cycle  Model  (*  Indicates 
the  variable  is  an  input.) 

Average  module /board  cost  given  as  a percentage  of  the 
AUC 


*AMH$ 


Annual  maintenance  hours 

Cost  per  active  maintenance  man-hour 

Average  part/hybrid  cost  given  as  a percentage  of  the 
AUC 

Annual  attrition  rate 
Average  unit  cost 
Average  units  failing 


*VTfL  Battery  life 

♦BTYBP  Required  peacetime  battery  stockage  level 

♦BTYSW  Required  wartime  battery  stockage  level 

CAP  Cumulative  average  factor 

CAFQ  Cumulative  average  factor  for  Q units 

Average  cost  per  battery 
C$0  Replacement  training  course  cost 

*C$F  Average  cost  per  failure 

*C$U  Average  cost  per  unit  for  th?  let  q unite 

#DA If  Number  of  available  or  operating  man-daya  per  year 

#D0R  Depot  overhaul  rate 


Equipment  availability  constant 


isWids <: 


Flret  destination  transportation  factor 
*FH£S  Integrated  logistics  support  factor 

*G3CF  General  storage  cost  factor 

*HOP  Hours  of  operation  per  day /peacetime 

*HOW  Hours  of  operation  per  day /wartime 

*MTHF  Mean -time -between - failures 

™ Mean-time-to-repair,  not  including  logistics  time 


*NRLI 


♦NHWO 


*NHWM 


Number  of  operators 
Number  of  line  items  supported 
Length  of  the  operator  course  in  weeks 
Length  of  the  maintenance  course  in  weeks 


*NHfS  Number  of  years 


*OPAY  Operator  pay 


«PSS1 


Percentage  deployed 
Initial  provisioning  factor 

lZlTrtr^l?Lt0  *2  Bup^  PW*.  to  lowest 
«uwort  level, where  float*  are  stocked  at  onaet  of 
wartime  emergency 

■•«<iulred  to  set  up  pipeline  to  the  lowest 
maintenance  level  where  modules  are  stocked 

ITS  “ •••  "■>  *““««  - ««• 

Period  required  to  set  up  pipeline  to  the  lowest 
appropriate  maintenance  level  for  the  percentage  method 

Number  of  sets  the  C$U  la  based  on 
<Juantlty  bought 


*-=i  - 


. \ 

$ 

i $ 


, ......  . .p 


Quantity  of  manpacke  bought 

**AA0  squired  to  complete  the  AAO  at  the  start 

BSA  Number  of  sets  lost  due  to  attrition 

Turnover  rate,  operator 

Turnover  rate,  maintenance  personnel 


UFA 


Units  to  assure  availability  a given  percent  of  time 


$A*BAT  Annual  battery  consumption  coat 
Annual  maintenance  personnel  cost 
*ANOP  Annual  operator  cost,  pay  and  allowances 
*AHPAY  Annual  operating  cost,  personnel 
Annual  repair  parts  cost 
lATC  Attrition  cost 

**AUX  Auxiliary  items  cost.  Investment  recurring 


tanrc 

tony 

Abttr 

tCONC 

$DOC 

He 

HDC 

tna 

trees 


Battery  cost.  Initial  lssu>' 

Battery  float  cost 
Battery  reserve  cost 

Consasptlon  coat 

Depot  overhaul  coat  per  unit 

fcigineering  ch«n8«»»  Investment  recurring 

First  daetlnatloii  transportation  coat 
$FDC,  hardmre 

Initial  spares  and  repair  parts 


1? 


■ I 
:¥ 


***w£3afe**«. 


Hardware  cost 


Hybrid/parts  cost,  initial  stockage 

Total  investment  nonrecurring  cost 
Integrated  logistics  support  cost 
Data,  investment  nonrecurring 

Initial  production  facilities,  investment  nonrecurring 

Instructor  training,  investment  nonrecurring 

Tooling,  investment  nonrecurring 

Introduction  cost,  integrated  logistics  support 

Total  system  management,  investment  nonrecurring 

Total  investment  recurring  cost 

Total  system  management,  investment  recurring 

Initial  spare  batteries  cost 

Initial  spare  equipment  cost 

Initial  spares  and  repair  parts  cost 

Initial  training  costs,  investment  recurring 

Instructor  training,  contract,  investment  nonrecurring 

Instructor  training,  in  house,  investment  nonrecurring 

Module  parts  cost,  initial  stockage 
Replacement  training  cost,  maintenance  personnel 
Major  suoporting  component*  cost 

Total  operating  cost 

Replacement  tralr  ng  cost,  operator 

Emu,  RfcD 
togineering,  RJJ) 


vr-y  <*>■•,  iff-<!r' 


*|RH>KP 

•IRIFF 

*$RD6TR 

|RDT 

*$ROTC 

•Irkh 

|RDTOT 

*|RDTBM 

«$BC 

|RPC 

$RSTE 

«|RSTK 


Produciblllty  engineering  and  planning,  Rid 

Prototype  fabrication,  RID 

8yatem  teat  and  evaluation,  R&D 

Training,  R&D 

Training,  contract,.  R&D 

Training,  in-houae,  R&D 

R&D  total  cost 

Total  ayatem  management,  R&D 

Recurring  coet.  Integrated  logiatlca  aupport 

Repair  parts  cost,  initial  stockage 

System  test  and  evaluation  cost,  investment  recurring 

System  test  and  evaluation  coet,  contract,  investment 
recurring 


•iRSTffl 

$HTC 

|TDOC 

4TRMC 

ITOC 


^*at  and  evaluation  cost,  in-house,  investment 
recurring 

Total  replacement  training  coat 

Support  equipment  coat.  Investment  recurring 

Total  depot  overhaul  coat 

Transportation  coat  of  shipping  equipment  to  depot 
for  overhaul 

Total  unit  coat 


•litas 


first  year  coat,  integrated  logistics  support 


a 


APPENDIX  D 


THE  LEARNING  CURVE 


'me  definition  of  the  Learning  or  Experience  Curve  is  as  the  total  quan- 
tity of  units  produced  doubles,  the  cost  or  man-hours  required  to  produce 
the  last  unit  of  this  double  quantity  will  be  reduced  by  a constant  per- 
centage. Stated  mathematically  if  Y(x)  is  the  cost  of  the  xth  unit  pro- 
duced and  Y(2x)  is  the  cost  of  the  last  unit  of  the  doubled  quantity,  then 
the  ratio  of  £(x)/Y(2x)  is  a constant.' Some  factors  which  contribute 
to  the  decline  of  the  unit  cost  as  cumulative  production  increases  are 
familarity  with  the  job  due  to  repetition,  development  of  more  efficient 
tools,  machines  or  procedures,  and  lower  cost  of  materials  due  to  increased 
demand.  However,  it  should  be  remembered  that  there  is  some  point  in 
production  beyond  which  there  is  no  more  reduction  in  cost.  This  is  the 
point  where  the  unit  cost  is  equal  to  the  cost  of  the  labor  and  materials 
(plus  burden).  The  cessation  of  cost  reductions  is  at  the  indeterminant 
point  where  productivity  can  no  longer  be  increased  or  a given  production 
process  reaches  a point  where  marginal  cost  is  equal  to  marginal  revenue. 
The  purpose  of  this  appendix  is  to  explain  the  use  of  the  learning  curve 
in  computing  the  average  unit  cost  (AUC)  and  the  total  unit  cost  (TUC). 

Four  methods  of  computation  are  discussed  and  two  of  the  methods  are  ex- 
plained by  relating  the  statistical  approach  to  integral  calculus. 

It  was  found  from  analysis  of  empirical  data  that  the  learning  curve 
could  be  represented  by  equation  I where  Y is  the  cost  per  unit.  Aftis  the 
cost  of  the  first  unit,  and  X is  the  cumulative  units  produced,  3 

is  the  exponent  of  the  slope  where  the  slope  in  percent  is  equal  to  2®  x 
100  as  shewn  in  equation  2.  For  any  slope  less  than  IOC#  B will  always 
be  negative  and  can  be  computed  for  any  learning  curve  from  equation  3. 


X = axb 

(1) 

% slope  = 20  x ICO* 

(2) 

B • (slope  percent  x 10"2). 

(3) 

In  2 


Equation  1 plots  on  an  arithmetic  graph  as  a hyperbolic  curve  and  on  a 
logarithmic  (log-log)  graph  as  a straight  line  (see  figures  D-l  and  D-2). 
It  is  very  difficult  to  forecast  or  extrapolate  a hyperbolic  curve  and  an 
arithmetic  curve  lacks  the  capability  of  adequately  portraying  extended 
numbers  of  units  on  the  X uxiss  therefore,  the  straight-line  log-log 
curve  is  used  extensively  for  the  methods  discussed. 

T.  US  Army  Electronics  Command,  "Army  Programs  Basic  Techniques  of  the 
Learning  Curve’*,  ECOM  11-5,  Volume  3,  25  June  1971. 

8.  U3  Arngr  Missile  Comand,  ’’The  Experience  Curve  Table",  Volume  I & II, 
Redstone  Arsenal,  Alabama,  September  1962. 


SUMMATION  METHOD 

The  ratio  of  Y/A  = X®  is  called  the  unit  factor  and  it  is  the  ratio  of 
the  cost  for  the  xth  unit  to  the  cost  of  the  first  unit.  The  total  unit 
cost  (TUC)  of  n units  can  he  obtained  by  using  the  learning  curve.  The 
TUC  is  simply  the  sum  of  all  the  Y*s  from  x = a (first  unit  of  the  lot) 
to  x 3 b (last  unit  of  the  lot)  where  b = n + a - 1 and  is  stated  mathe- 
matically as 

b b B 

TUC  = 2:  Y(x)  « 21  AX*  (10 

x = a x ■ a 

Factoring  the  constant  A from  the  summation  gives 
* B 

TUC  - A £ Xfl  (5) 

x = a 

b B 

The  factor  ^X  is  called  the  cumulative  total  factor  (CTF)  and  it  is 
x=a 

the  sum  of  all  the  unit  factors  up  to  and  including  the  unit  factor  for 
the  nth  unit. 


B|y  dividing  the  CTF  by  n as  in  equation  6 we  get  the  cumulative  average 
factor 

b B 

CAF  * CTF  * <;  XC  (6) 

n x*a 

n 

This  CAF  is  used  in  the  model  to  calculate  the  average  unit  cost, (AUC) 
which  in  turn  is  used  to  compute  the  total  unit  cost  equation  8). 

AUC  = A x CAF  (7) 

TUC  » AUC  x QB  (8) 

where  QB  is  In  quantity  of  equipments  bought. 


"EXPERIENCE  CURVE  TABLES”  METHOD 

The  method  of  using  the  CAF  or  the  CTF  gives  the  most  accurate  results  of 
the  four  methods.  The  computer  sub-routine  of  the  model  is  able  to  compute 
the  CAF  fast  and  accurately  but  this  task  would  take  an  enormous  amount 
of  time  to  do  by  hand  for  a sizable  lot.  Redstone  Arsenal  (7)  has  developed 
"The  Experience  Curve  Tables"  to  simplify  hand  computations.  The  tables 
consist  of  four  columns  for  each  slope  ranging  from  67?  to  99?.  The  first 
column  consists  of  the  cumulative  units  (n;  up  to  5000;  the  second  column 
contains  the  cumulative  total  factors  (CTF);  the  third  column  contains  the 
cumulative  average  factors  (CAF);  and  the  fourth  column  contains  the  unit 
factors. 

7.  US  Army  Missile  Command,  "The  Experience  Curve  Table",  Volume  I & II, 
Redstone  Arsenal,  Alabama,  September  1962. 
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The  tables  also  give  extension  factors  for  hK-hOK  units ; however,  exper- 
ience has  shown  that  the  LCC  model  must  in  some  instances  handle  quantities 
greater  than  UOK  which  make  the  tables  unusable.  The  methods  to  be  dis- 
cussed can  be  done  completely  by  hand  using  a slide  rule,  log  tables  or  a 
desk  calculator.  The  two  methods  are  fairly  rapid  and  reasonably  accurate. 

INTEGRATION  METHOD 


Since  each  point  on  the  curve  in  figure  2 represents  a unit  cost  for  a 
particular  unit  n within  the  interval  a-^n^b,  the  total  unit  cost  (TUC), 
as  previously  stated,  can  be  obtained  by  summing  all  the  points  on  the 
curve  for  a 5 n -b  as 

b b 

TUC  = s:  r(x)  = f(x)  (9) 

x=a  x=a 

B 

where  f(x)  » AX  and  is  continuous  and  single  valued  in  the  interval  (a,b). 

Let  us  take  the  function  y = f(x)  and  divide  this  interval  (a,b)  into  n 
sub-intervals  by  n-1  division  points  xx,  x2,  x^,  xn.1  (figure  3)  where 

a<x^<  Xg  . ...  oCp_-]<b.  For  convenience  of  notation  let  x0  * a and 
xn*b.  Let  denote  any  point  in  or  at  the  end  of  the  kth  sub-interval  f 
(xh-l  xk)  wilere  k is  any  one  of  the  numbers  1,2,3, ....n  so  that  x,  Tk 

-k  fo#  each  value  of  k from  1 to  n.  Let  ^x^  denote  the  length  or  the 
interval  so  that  ^x^  * xk  - x^-1. 

Forming  the  sum  we  get 

3„  = f (\)  ^ + f (i2)  ^x2  + ...  + f (fn)  ^ (10) 

Which  can  be  notated  as 

% - h.  f(f:)Axk.  (11) 

k » 1 K 

Since  limit  Sp  exists  asn->«  and  each  ^ x^  -*• 0 and  the  limit  is  the  same 
for  all  modes  of  subdivision  of  the  interval  (a,b)  then  by  definition^®'  of 
the  definite  integral  of  f(x)  we  get 
n b 

lim  JS.  f (fkK>«  / f (x)  dx  * (12) 

n -*oo  k*l  * a 


Let  us  now  take  the  interval  (a,b)  and  divide  it  into  n sub-intervals  A x. 

(k  ■ 1,2, 3,... n)  anc  on  each  sub-interval  ^x.  select  an  arbitrary  point  * 
k as  shown  in  figure  U.  Using  each  sub-intervals^xk  as  a base,  construct 
a rectangle  with  altitude  f (fu).  The  3um  of  these  rectangles  is  repre- 
sented by 

% ■ (*k)  Av  (13) 

8.  Smail,  L.  L.,  "Calculus*’,  New  Yorks  Appleton -Century  -Crofts,  Inc,  191*9. 
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Since  the  total  unit  cost  is  the  summation  of  all  the  points  on  the 
curve  in  an  interval  of  then  if^x^  = 1 the  cost  per  unit  must  be 
equal  to  f (5^)  and  the  total  unit  cost  is  then 


TUG  = 


£ f (() 

*1  k K 


TUC  = ss  AXB 


where  k*l  = a and  n * b-a  + 1 


Substituting  into  equation  12 
b' 


TUC  = 1 f(x)dx 


where  b = b + AX  and  a = a - • 

Prom  analysis  it  was  found  that  by  using  a AX7  = .5  gives  the  best 

results. 


Therefore, 

b 


b+.5 

f(x)  dx  - f f(x)dx. 

a-.5 


Substituting  and  integrating  we  get 


TUC  - Ax 
B+l 


b'  - b + .5 


, a'  - a - .5 


Equation  18  can  be  used  to  compute  a reasonably  accurate  TUC  for  any 
lot  size  there  a is  the  first  unit  of  the  lot  and  b is  the  last  unit 
of  the  lot. 

Therefore,  the  AUC  can  be  found  from  equation  1? 

AUC  * TUC  when  n • b - a ♦ 1 (19) 


ALGEBRAIC  LOT  MIDPOINT  METHOD 

Another  method  of  computing  the  total  unit  cost  is  to  use  the  algebraic 
lot  midpoint.  This  concept  states  that  there  is  a unVt  in  the  lot  which 
has  the  property  of  yielding  the  total  lot  cost  when  the  cost  of  this 
unit  is  multiplied  by  the  number  of  units  in  the  lot.  The  actual  cost 
of  this  unit  may  differ  from  the  average  cost.  Mathematically,  this 
method  is  related  to  the  Mean-Value  Theorem  for  Integrals.  This  theorem 
states  that  if  f(x)  is  continuous  in  an  interval  (a,b),  then  there  exists 
a number  such  that 

b 

C f(x)dx  * f (£  ) (b-a)  (20) 

a / 

where  b.  The  algebraic  midpoint  can  be  computed  from  ^>7) 


- 1 


where  K • algebraic  midpoint 

b * last  unit  of  the  lot  +.5 

a « first  unit  of  the  lot  -.5 

L * lot  size,  n - b-a+1 

B * exponent  of  the  slope. 

Using  the  midpoint  the  TUC  can  be  computed  as 

X(K)  * AKB,  (22) 

TUC  - Y(k)  x (b-a+1)  (23) 

were  b-a+1  * n.  Therefore/  the  AUC  can  be  found  by  equation  2U. 

AUC  * TUC  (21*) 

n 


6.  US  Army  Electronics  Command,  "Army  Programs  Basic  Techniques  of  the 
Learning  Curve",  E00M  11-5,  Volume  3,  25  June  1971 

7.  US  Army  Missile  Comand,  'The  Experience  Curve  Table",  Vol.  I & II, 
Redstone  Arsenal,  Alabama,  September  1962. 
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When  there  ic  a computer  program  available,  the  methods  of  using  the 
cumulative  total  factor  (CTF)  or  cumulative  average  factor  (CAF)  are 
the  most  accurate*  However,  the  last  two  methods  can  be  done  by*  hand 
computation  and  they  will  give  relatively  fast  and  accurate  results., 


3C 
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| APPENDIX  E 

t 

FLOATS  POR  A GIVEN  PROBABILITY  OF  OUTAGE 


The  computation  for  providing  sufficient  floats  so  that  a given  pro- 
bability exists  that  the  spares  will  be  sufficient  to  cover  the  average 
number  of  failures  is  based  on  the  method  in  TM  38-715-1^',  Provision- 
ing Techniques.  (The  cost  of  initial  provisioning  is  often  estimated 
by  using  a percentage  of  the  yearly  procurement.  However,  to  cost 
initial  provisioning  in  this  manner  does  not  reflect  the  advantage  of 
increased  reliability  of  the  equipment  and  would  provide  excessive 
spares  outage  protection.)  Therefore: 


UFA  • AUF  + A VAUF 


(1) 


Where  UFA 

AUF 

The 

AUF 

where 


float  to  assure  availability  to  a given  percent  of  the 
time, 

average  number  of  spares  required  in  the  supply  cycle. 
HOW  x PS1  x QB  x PD  -i-  MTBF  (2) 


HOW  * hours  of  operation  per  day/wartime  to  direct  support 
level  at  onset  of  wartime  emergency 

PSI  ■ Period  required  to  set  up  the  supply  pipeline 

QB  ■ Quantity  of  units  to  satisfy  the  requirement 

FD  « Percentage  of  units  deployed 

MTBF  • mean-time-between-failures 

The  factor  A VK UF  determines  the  additional  number  of  spares  re- 
quired to  guarantee  a specific  safety  factor  (SF),  e.g.,  8$  percent. 


gr 


The  number  of  floacs  required  to  assure  that  there  will  be  no  float  • 
outage  with  a confidence  of  a safety  factor  can  be  calculated  using 
the  binominal  distribution.  The  number  of  spares  would  be  chosen  in 
order  that  the  probability  of  ^UFA  failures  will  be  SF/100  as  shown 
in  equation  3. 


UFA 


QB 


JFA 


2- 


4:  SF/100 


(3) 


UFA 


9.  TM  38-715-1,  "Provisioning  Techniques",  US  Army,  October  1965. 
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where  p = probability  that  on9  set  failes,  a set  failure  occurring  at 
random 

p = HOW  x PS1  -2-  MTBF. 

If  n is  large  and  p is  small  the  Poisson  distribution  closely  approxi- 
mates the  binominal  distribution.  The  Poisson  distribution  is 

p (UFA)  = .UFA  - * 

* _J- (U) 


UFA  l 

where  p (UFA)  * probability  that  exactly  UFA  spares  are  required. 
7^  * AUF 

and  the  standard  deviation 

- AUF. 


Therefore,  A is  the  number  of  standard  deviations  above  the  mean  that 
will  provide  a given  safety  factor  SF  that  the  number  of  failures  will 
not  exceed  the  number  of  spares. 

The  normal  distribution  is  also  a close  approximation  of  the  binominal 
distribution  provided  n is  large  and  neither  p nor  q is  close  to  zero. 
Beyona  an  expectation  of  100  events,  the  provisioning  of  floats  is  /1qn 
based  on  a normal  curve  with  the  variance  equal  to  the  mean.  Therefore,  * 

P(X£-b)  ‘ F(b)  - <£  ) - SF  (5) 

where  b * uu  ♦ Act  - /c  ♦ A VXL 


By  substitution  we  get 


P (X  u ♦ A <r  ) • <*>U)  - SF  (6) 

Solving  for  A for  various  SF  we  get, 

Protection  Level, % A 

75  0.67 

85  1.0U 

95  1.65 

99  2.33 


10.  Kroyszig,  E.,  "Advanced  Engineering  Mathematics",  New  Yorks  John 
Wiley  & Sots,  Inc.,  i960. 
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APPENDIX  F 


LCC  MODEL  AND  OUTPUT 


The  Life  Cycle  Cost  Model  program  1b  written  in  FORTRAN  for  the  Burroughs 
B5700  FORTRAN  Compiler*  The  program  is  divided  into  three  major  sections- 
Input,  Internal  and  Output. 

The  Internal  and  Output  sections  are  stored  on  tape  and  the  Input  section 
is  on  cards.  (Both  the  tape  and  cards  are  necessary  for  the  program  to 
run. ) Putting  the  input  section  on  cards  gives  the  user  an  easy  method 
of  providing  the  different  input  data  for  each  LCC  analysis  that  is  made. 

The  program  Is  capable  of  computing  the  LCC  of  up  to  nine  separate  equip- 
ments plus  computing  the  totals  from  each  N separate  equipments  into  a 
composite.  All  the  input  data  necessary  for  the  program  to  run  is  entered 
in  the  input  section  except  for  the  names  of  each  equipment.  These  names 
are  supplied  as  separate  data  cards  and  inserted  after  the  card  '’DATA 
CARDS  ' at  the  end  of  the  deck. 

The  program  calculates  all  cost  elements  for  the  N (N  is  equal  to  or  less 
than  9)  equipments  considered  and  stores  the  costs  in  arrays.  When  all 
costs  are  computed  for  the  N equipments  an  output  is  generated  In  the 
format  shown  in  Figure  F-l. 

The  CHK  option  provides  the  user  with  a detailed  listing  of  all  the  cost 
elements  and  input  variables  necessary  to  compute  these  elements  as  shown 
in  Figure  F-2. 

When  the  program  is  run  for  current  equipment  which  is  considered  to  be 
fully  fielded  only  the  Attrition  element  of  the  Investment  Recurring 
category  and  the  Operating  Cost  category  will  be  outputted  with  a note 
to  that  effect. 

For  each  output  the  program  generates  a Work  Breakdown  Structure  Table 
(as  discussed  in  Appendix  A)  as  shown  in  Figure  F-3  and  a listing  of  the 
input  data. 

The  program  has  the  capability  of  doing  an  iamediate  sensitivity  analysis 
of  the  cost  based  on  the  variation  of  the  MTBF  by  ♦ 30  percent  of  the 
given  MTBF. 

The  program  is  available  froo  the  Combat  Radio  Systems  Team,  Net  Radio 
Technical  Area,  Coewun lent! ons / ADP  Laboratory. 
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15  YEAR  LIFE  CYCLE  COST 
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